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EODVWHG RUH DQG LQFUHDVH RUH UHFRYHU\ %HFDXVH RI DOO WKRVH LPSRUWDQW IXQFWLRQV WR EH FDUULHG RXW























EDFNILOOZDOO VWDELOLW\ LV VWXGLHGGXH WR WKHPLQLQJRI DGMDFHQW VHFRQGDU\ VWRSH7KH UHSUHVHQWDWLYH
FDVHSDUDPHWHUVFRQVLGHUHGDUHIURPWKH6XGEXU\UHJLRQLQ&DQDGLDQ6KLHOGWKDWLVZHOONQRZQIRULWV
KLJK LQ VLWX VWUHVV FRQGLWLRQV7KLV UHVHDUFK LV EHLQJ FDUULHGRXW WR LQYHVWLJDWH WKH HIIHFW RI DGMDFHQW
VWRSLQJLQSULPDU\VHFRQGDU\V\VWHPVRQEDFNILOOHGZDOOVWDELOLW\FRQVLGHULQJHODVWRSODVWLFEHKDYLRXU






EDVHG RQ WKH ILQLWH HOHPHQW PHWKRG  1XPHURXV PRGHOV ZHUH GHYHORSHG WR VWXG\ WKH UHVSRQVH RI
EDFNILOOLQDGMDFHQWVWRSHPLQLQJDQGUHSUHVHQWDWLYHUHVXOWVDUHSURYLGHGKHUHDQGGLVFXVVHG
2.1. Modelling geometry and material properties 
)LJXUH  VKRZV WKH PRGHO JHRPHWU\ DQG 7DEOH  VKRZV WKH PDWHULDO SURSHUWLHV XVHG IRU WKH
QXPHULFDOVLPXODWLRQVWXGLHVSUHVHQWHGKHUH7KHVWRSHGLPHQVLRQVXVHGIRUWKHVWXG\DUHPKHLJKW
[  P ZLGWK ZLWK D PLQLQJ GHSWK RI  P 7KH UHODWLYHO\ ODUJH PRGHO ZDV SUHSDUHG WR DYRLG
ERXQGDU\ HIIHFWV DQG ZDV H[DPLQHG IRU LWV DFFXUDF\ E\ VWXG\LQJ WKH SDWWHUQ DQG H[WHQW RI LQGXFHG




6XGEXU\ EDVLQ DV UHSRUWHG E\ <DR DQG 0RUHDX9HUODQ  0RGHOHG URFN PDVV SURSHUWLHV DUH
W\SLFDO RI WKH 6XGEXU\ UHJLRQ PLQHV LQ &DQDGD ZKLOH EDFNILOO SURSHUWLHV XVHG DUH DV UHSRUWHG E\
7KRPDVHWDO7KHEDFNILOOSURSHUWLHVFRQVLGHUHGUHSUHVHQWFHPHQWHGURFNILOO&5)7KHURFN
PDVVDQGEDFNILOOPDWHULDO DUH FRQVLGHUHGKRPRJHQHRXV LVRWURSLFDQGHODVWRSODVWLF0RKU&RXORPE
IDLOXUHFULWHULRQZDVXVHG
$IWHU VWXG\LQJ WKH PRGHO IRU LWV DFFXUDF\ ILUVW VWRSH  ZDV H[WUDFWHG $IWHU WKLV VWRSH  ZDV
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3ULQFLSDOVWUHVVFRPSRQHQW 0DJQLWXGHSVL 7UHQG 3OXQJH
0DMRU+RUL]RQWDOı+ 'HSWKIW  
,QWHUPHGLDWH+RUL]RQWDOı+ 'HSWKIW  
0LQRU9HUWLFDOı9 'HSWKIW  
2.2. Numerical results 
$IWHU HDFK VWRSH H[WUDFWLRQ VRPH GLVSODFHPHQWV RFFXU ZLWKLQ WKH URFNPDVV DQG WKHQ WKH VWRSH
FRQVLGHUHGDVSULPDU\VWRSH LVEDFNILOOHGVXEVHTXHQWO\ OHDYLQJPXQILOOHGJDSRQFURZQRI WKH
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DGMDFHQWVWRSHRQEDFNILOOHGZDOOFROXPQLVVWXGLHG7KHYHUWLFDOVWUHVVDQGDEVROXWHWRWDOGLVSODFHPHQW
GLVWULEXWLRQZLWKLQWKHEDFNILOOFROXPQDQGVXUURXQGLQJURFNPDVVLVVWXGLHGDQGFRPSDUHG,QSUDFWLFH
LW LV DOZD\V GLIILFXOW WR EDFNILOO WKH VWRSH LPPHGLDWHO\ WKXV GHIRUPDWLRQV GR RFFXU LQ WKH URFNPDVV
EHIRUH SODFLQJ WKH EDFNILOO +RZHYHU LQ SUDFWLFH EDFNILOO VKRXOG EH SODFHG DW WKH HDUOLHVW WLPH WR








EDVLF DVVXPSWLRQ PLJKW GLOXWH RU XQGHU HVWLPDWH WKH UHDOO\ UHTXLUHG VWUHQJWK RI WKH EDFNILOO LQ UHDO
PLQLQJ FRQGLWLRQV   )LJ  LQGLFDWHV WKDW KLJK VWUHVV FRQFHQWUDWLRQ LV GHYHORSHG DW WKH FURZQ DQG
ERWWRPSRUWLRQDEXWPHQWVWUHVVLVEHLQJWUDQVIHUUHGWRWKHVXUURXQGLQJURFNPDVVZKLFKVXJJHVWVWKDW
EDFNILOO KHOSV LQ SURYLGLQJ JRRG FRQILQHPHQW DQG WKXV SUHYHQWLQJ URRI UHJLRQ IURP IDLOXUH SURQH
FRQGLWLRQV
$IWHU FRPSDULQJ DEVROXWH WRWDO GLVSODFHPHQW GHYHORSHG ZLWKLQ WKH EDFNILOOHG FROXPQ DQG WKDW
VXUURXQGLQJ URFNPDVV DIWHU H[WUDFWLQJDGMDFHQW VWRSH DV VKRZQ LQ)LJXUH VXJJHVWV WKDW EDFNILOO
SODFHPHQW KHOSV LQ SURYLGLQJ JRRG FRQILQHPHQW WR WKH VXUURXQGLQJ URFNPDVV DVZHOO DVZLWKLQ WKH









0LWUL  7KH SUHVHQWHG UHVXOWV LQ )LJXUH  VXJJHVW WKDWPD[LPXP WRWDO GLVSODFHPHQW GHYHORSHG
ZLWKLQ WKH EDFNILOOHG FROXPQ L H VWRSH  LQ WKLV FDVH LV DW  FP DQG WKLV FRXOG EH GXH WR WKH
FRQILQHPHQWRIIHUHGE\ WKHEDFNILOOHG FROXPQZKHQDGMDFHQW VWRSH DQG H[WUDFWHG DQGEDFNILOOHG
VXEVHTXHQWO\ EHIRUH H[WUDFWLQJ DGMDFHQW VWRSH  $OVR ZKHQ DGMDFHQW VWRSH  LV H[WUDFWHG LQ
VXUURXQGLQJURFNZDOOWRWDOGLVSODFHPHQWGHYHORSHGLVDWFPVXJJHVWLQJSRVVLEO\PLQRUIDLOXUH)URP












7KH UHVXOW SUHVHQWHG LQ WKH DERYH VLJQLILHV WKH LPSRUWDQFH RI EODVWLQJ ZKLOH H[WUDFWLQJ DGMDFHQW
VWRSHWRWKHEDFNILOOHGFROXPQ+HQFHWKHGHVLJQHGILOOVWUHQJWKVKRXOGEHVXFKWKDWLWVKRXOGEHDEOHWR
VXVWDLQG\QDPLF ORDGEHLQJJHQHUDWHGGXH WR WKHEODVWLQJGXULQJDGMDFHQW VWRSHH[WUDFWLRQ)URP WKH
SUHVHQWHGUHVXOWVKHUHLQDVDERYHPD\EHTXDOLWDWLYH LQQDWXUHKRZHYHU IRUFH WRGUDZIHZIROORZLQJ
FRQFHUQVDQGFRQFOXVLRQV
D 7KHILOOVWUHQJWKGHVLJQHGEDVHGRQWKHPRQRWRQRXVHPSLULFDODSSURDFKHVOLNHVLPSOHZHGJH
WKHRU\ QHHGV WR EH JLYHQ D UHORRN WR WDNH LQWR FRQVLGHUDWLRQ G\QDPLF VWUHQJWK RI WKH ILOO
6LQFH GXULQJ VWRSLQJ RSHUDWLRQ EODVWLQJ DQG G\QDPLF ORDGLQJ GXH WR WKHPLQLQJ IRXQG WR
LQIOXHQFH WKH ILOO IDLOXUH ,W LVQHFHVVDU\DQGSDUDPRXQW WKDWVWDEOH ILOO WREHGHVLJQHGDW WKH
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WKH ERWWRP PD\ EH WKRXJKW RI VLQFH PD[LPXP VWUHVV GHYHORSHG LV DW WKH ERWWRP RI WKH
EDFNILOOHGFROXPQDVFRPSDUHGWRWKHWRS7KLVZLOOKHOSLQUHGXFWLRQRIILOOFRVWLIFHPHQWDV
D ELQGHU LV LQYROYHG 7KLVZLOO DOVR KHOS LQ UHGXFLQJ WKH FRVW RI SURGXFWLRQ DQG LPSURYLQJ
SURGXFWLYLW\+RZHYHUWKLVQHHGVWREHFDUULHGRXWZLWKRXWFRPSULVLQJVDIHW\RIWKHZRUNLQJ
HQYLURQPHQWDQGILOOGLOXWLRQRUIDLOXUHLQWRDGMDFHQWVWRSH
G ,Q SULPDU\VHFRQGDU\ VWRSLQJ V\VWHPV GLIIHUHQW W\SHV RI EDFNILOO SODFHPHQW LQ WKH FDVH RI
SULPDU\VWRSHDQG VHFRQGDU\VWRSHFRXOGEH WKRXJKWRI ,Q WKHFDVHRISULPDU\VWRSHVJRRG
TXDOLW\ ILOO FDQ EH SODFHG VLQFH DGMDFHQW VHFRQGDU\ VWRSH LV WR EH H[WUDFWHG DW ODWHU GDWH




ILOO IRXQG WR SURYLGH JRRG UHVXOWV LQ PDVV SURGXFWLRQ WHFKQRORJLHV EHFRPLQJ SRSXODU
ZRUOGZLGHDQGLVEHLQJPRVWO\XVHG
I 7KH ILOO XVHG DV ZDVWHPDQDJHPHQW WRRO LV MXVW D ZURQJP\WKZKLOH LW LV IRXQG WR KHOS LQ




)URP WKH SUHVHQWHG QXPHULFDO VLPXODWLRQ UHVXOWV XVLQJ 3+$6(  LW LV IRXQG WKDW SODFHPHQW RI
EDFNILOO KHOSV LQ VXSSRUWLQJ WKH VXUURXQGLQJ URFN PDVV ZLWK KLJK LQ VLWX VWUHVV FRQGLWLRQV  ,W LV






7KH DXWKRUV ZLVK WR H[SUHVV WKHLU VLQFHUH WKDQNV WR WKH 'HSDUWPHQW RI 6FLHQFH DQG 7HFKQRORJ\
0LQLVWU\RI6FLHQFHDQG7HFKQRORJ\*RYHUQPHQWRI,QGLDIRUDZDUGLQJ%2<6&$67)HOORZVKLSIRU
WKH \HDU  7KLV SDSHU LV SDUW RI WKH UHVHDUFK SURJUDP FDUULHG RXW DW 0F*LOO 8QLYHUVLW\
0RQWUHDO &DQDGD LQ FROODERUDWLRQ ZLWK 0F*LOO 0LQH 'HVLJQ /DE WKHLU VXSSRUW LV JUDWHIXOO\
DFNQRZOHGJHG 7KDQNV DUH DOVR GXH WR WKH'LUHFWRU &HQWUDO ,QVWLWXWH RI0LQLQJ DQG )XHO 5HVHDUFK
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